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TERMINATING RESISTOR 
DRIVER FOR HIGH SPEED DATA 
COMMUNICATION 

Background of Invention 

[000 1 ] FIELD OF THE INVENTION 

[0002] The present invention generally relates to high speed data communication 

between digital circuits that require the driver (and/or receiver) circuits be terminated 
with an impedance that matches the characteristic impedance of the transmission 
path linking the transmitter and receiver. The present invention discloses a resistor 
based driver that maintains a constant output impedance while allowing the control 
circuits to switch the output drive to the desired level. 

[0003] DESCRIPTION OF THE RELA TED AR T 

[0004] Existing drivers use current sources or voltage amplifiers (which require a certain 
amount of voltage overhead) to insure that the driver remains in the linear operating 
region of the current source or voltage amplifier. This voltage overhead increases the 
driver's power dissipation and decreases the maximum signal amplitude. 

[0005] p or exam p| e) Figures 1 and 2 represent conventional driver circuits that utilize 
current sources and/or voltage amplifiers. More specifically, Figure 1 illustrates a 
current mode driver 1 00 that has two power supply inputs (a voltage high input VH 
and a voltage low input VL) and n-hl digital control inputs that control the amplitude 
of the output signal (VOUT). A series of current sources 101 are connected between 
VL and VH through switches 1 02 and terminating resistors 110, 111. The output 
impedance of the driver, Z is equal to the value of terminating resistor 111. The 
current sources are selectively switched (using switches 102) between terminating 
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resistors 11 0, 1 1 1 to control the amplitude of the output signal. The maximum 
amplitude of the output voltage is limited by the operating range (or compliance 
voltage range) of the current sources and the voltage drop across the switches (Vout 
(max) = (VH-VL) - (V (min) + V ) ). The additional voltage needed for proper 
operation of the current sources ( V ^ ^ (min) ) and switches ( V ^ ^ ) results in 
increased power dissipation and limits the maximum output signal for any given VH 
and VL. Item 120 represents the transmission line and item 121 represents its 
terminating impedance 121. 

[0006] Figure 2 illustrates a conventional voltage mode driver 200 that includes an 

amplifier 201 and a terminating resistor 202. The amplifier has two power supply 

inputs (VH and VL) and an analog control input signal Vin that controls the amplitude 

of the output voltage VOUT. The output impedance of the driver, Z is equal to the 

value of terminating resistor 202. A transistor level implementation of the amplifier 

201 consists of a control block 205, and two driving transistors 203, 204. Since the 

amplifier must remain in its linear operating region to function as an amplifier, its 

output voltage range must be less than the supply voltages (i.e., VAMP(max) - VH - V 

( m ' n ) ar, d VAMP(min) = VL + V (min)). The maximum signal amplitude is 

therefore VOUT(max) = VAMP(max) - VAMP(min) = VH - VL -(V (min)+V 

203 204 

(min)). This occurs because the driving transistor 203 loses its ability to control the 

output voltage as VH-VAMP approaches zero and transistor 203 loses its ability to 

control the output voltage as VAMP-VL approaches zero. The difference between the 

output range of the amplifier (VAMP(max)-VAMP(min)) and the power supply range 

(VH-VL) is the driver's voltage overhead (V (min)+V (min)) that results in 

203 204 

increase power dissipation and limits the signal amplitude. In addition, the bias 
currents that are necessary for the control circuits 205 also add additional power 
consumption. Driver 200 maintains a specific output impedance by inserting a 
terminating resistor 202 in series with the amplifier 201 . An amplifier has a low 
output impedance. Problems associated with these structures are power dissipation 
and limitations on maximum signal amplitude. 

Summary of Invention 

[0007] 

In view of the foregoing and other problems, disadvantages, and drawbacks of the 
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conventional driver circuits the present invention has been devised, and it is an object 
of the present invention to provide a structure and method for an improved driver 
circuit having resistors in parallel to control impedance and signal amplitude. 

[0008] In order to attain the object(s) suggested above, there is provided, according to 
one aspect of the invention a driver circuit having a plurality of parallel resistors, 
where a total impedance of all the resistors equals an impedance of an associated 
transmission line. The invention includes a switch that is adapted to combine the 
resistors to control an output level of the driver. The driver circuit's switch selectively 
connects the resistors to either a voltage high signal or a voltage low signal. In one 
embodiment, a first set of the switches connect a voltage high signal to a first resistor 
and a second set of switches connect a voltage low signal to a second resistor. The 
switch can be a matched pair of opposite type transistors. The driver circuit can have 
balancing resistors connected to the switch, the balancing resistors are sized to 
balance the resistance within the driver circuit. The invention can also include drivers 
connected to the switches. 

Brief Description of Drawings 

[0009] The foregoing and other objects, aspects and advantages will be better 

understood from the following detailed description of a preferred embodiment(s) of 
the invention with reference to the drawings, in which: 

[001 0] Figure 1 is a schematic diagram of a conventional current mode driver circuit; 

[001 1] Figure 2 is a schematic diagram of a conventional voltage mode driver circuit; 

[001 2] Figure 3 is a schematic diagram of a driver circuit according to the invention; 

[001 3] Figure 4 is a schematic diagram of a driver circuit according to the invention; 

[001 4] Figure 5 is a schematic diagram of a driver circuit according to the invention; 

[001 5] Figure 6 is a schematic diagram of a driver circuit according to the invention; 

[001 6] Figure 7 is a schematic diagram of a driver circuit according to the invention; 

[001 7] Figure 8 is a schematic diagram of a driver circuit according to the invention; 
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[001 8] Figure 9 is a schematic diagram of a driver circuit according to the invention; and 
[001 9] Figure 1 0 is a schematic diagram of a driver circuit according to the invention. 

Detailed Description 

[0020] As mentioned above, there is a need to provide a driver circuit that has a specific 
impedance matching the impedance of the transmission line, that neither consumes 
large quantities of power nor decreases maximum signal amplitude. The invention 
overcomes the conventional problems and provides a driver that matches the 
necessary impedance with minimum power dissipation and maximum signal 
amplitude by utilizing a number of resistors in parallel. More specifically, Figure 3 
illustrates one embodiment of the invention. 

[0021] In Figure 3, the driver circuit 300 and the resistor switch segments are shown as 
items 301 -304. Each switch segment 301 -304 includes a switch 310 and a resistor 
31 1. The switches 310 switch between VH and VL and pass the signal through the 
resistor 311. While there are a limited number of resistive elements shown in the 
drawings, one ordinarily skilled in the art would understand that the number of 
resistive elements is not limited and depend upon the specific design being 
addressed. The driver consists of a number of switch-resistor combinations with one 
end connected to the output node of the driver. The opposite end can be switched 
between a high and low voltage reference level, typically VDD (VH) and GND (VL). 

[0022] Figures 3 and 4 illustrate two implementations of the inventive driver. Each driver 
is composed of n resistor-switch segments (note: the resistor-switch segments do not 
have to be identical; they may have different values of resistance). The resistor-switch 
segments in Figure 3 show a single resistor that is switched between VL and VH. The 
resistor-switch segments in Figure 4 show two equal resistors that are switched, one 
to VH and the second to VL. 



[0023] 



In general, the resistive elements do not increase power dissipation or decrease 

signal amplitude because the output impedance of the driver (Z ) is equal to the 

o 

parallel combination of all the resistive elements (Z =1/(1 /R +1 /R + ... +1 /R 

o 0 1 

). It does not matter whether a resistive element is switched to either the VH or VL 

n 

supply input. If all the resistive elements are connected to VH, then VDRIVE(max) = VH 
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and if all the resistive elements are connected to VL, then VDRIVE(min) = VL. The 
maximum signal amplitude is therefore Vout(max) - Vdrive(max) - Vdrive(min) = VH 
- VL 

[0024] In Figure 1 , Vout(max) - (VH-VL) - (V ( min > + v 1 Q2 >■ In Figure 2, Vout(max) 

= VAMP(max) - VAMP(min) = (VH-VL) - (V ^ (min)+V ^ (min)). In Figures 3 and 4, 

Vout(max) - (VH-VL). If VH and VL are fixed then Vout(max) is reduced by (V 

(min) + V ) for Figure 1 , or Vout(max) is reduced by (V (min)+V (min)) for 
102 203 204 

Figure 2. If Vout(max) is held constant then VH-VL must be increased by (V (min) 

+ v . ^ ) f° r Figure 1 , or VH-VL must be increased by (V (min)+V (min)) for 
102 203 204 

Figure 2. This increase in VH-VL results in increased power dissipation. 

[0025] With the invention the parallel combination of all the resistors is equal to the 

characteristic impedance of the transmission line. Since the reference voltage levels 
represent a virtual ground for AC analysis, the output impedance of the driver is 
always equal to the parallel combination of all the resistors 

[0026] 1/R +1/R +1/R + .... + 1/R + = 1 /Z 

0 12 n 0 

[0027] The output level of the driver is controlled by switching selected resistors between 
the high and low reference level such that the parallel-series combination generates 
the appropriate output voltage. 

[0028] VOUT - VL + (VH - VL) * [R u / (R + R )] R 

H H L H 

[0029] R is the parallel combination of resistors switched to VH. 
H 

[0030] R is the parallel combination of resistors switched to VL. 

[003 1 ] For example in Figure 3, if resistor 3 1 1 is connected to VH in resistor-switch 
segments 301 and 302, and resistor 311 is connected to VL in resistor-switch 
segments 303 -304. Then 

[0032] R H = 1 /(I /R + 1 /R ) and RL = 1 /(I /R ^ + ... + 1 /R ^ ). 

[0033] Regardless which resistors are connected to VH and which resistors are connected 
to VL the output impedance of the driver remains the same. 
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[0034] 




[003 5] 



304 



)= 1/Z 



0 



[0036] 



The values of each resistor can be selected in any way to determine the 



appropriate resolution and step size of the output voltage. The resistors do not have 
to be the same value. 



transistors in their saturated operating regions since they are used as linear control 
devices. In one embodiment, the invention uses transistors to implement the switch 
function; however these transistors are used in the linear or triode operating regions. 
The invention is not required to use linear control devices. In other words, the 
invention is a switch mode driver rather than a linear controlled driver. 



and the value of the current sources. The sum, of all the current sources times the 
value of the terminating resistor 1 1 1 determines the maximum signal amplitude for 
the conventional structure shown in Figure 1. In Figure 2, the amplitude of the signal 
is controlled by an analog input signal and the gain of the amplifier. If the amplitude 
of the signal generated by the circuit shown in Figure 2 is to be controlled with a 
digital control, then a digital-to-analog converter must be used to generate the 
analog input signal. To the contrary, with the invention, the maximum signal 
amplitude is always equal to VH-VL, without the need to scale the value of the current 
source to match the value of the terminating resistor (Figure 1) or the need to have a 
digital-to-analog converter that generates an analog signal that is compatible with 
the amplifier gain and input levels (as is needed in the circuit shown in Figure 2). The 
relative amplitude is controlled by the digital control of the switches, which is an 
integral part of the driver design. 



Figure 4 illustrates another embodiment of the inventive driver 400 that includes 
resistance elements 401-404. Items 401-404 represent resistors that each include 
upper switches 41 0 and lower switches 420 and are connected to the signal line 1 20, 
121. The upper switches 41 0 connect or disconnect the VH signal (which is passed 
through resistors 41 1). Similarly, the lower switches 420 pass the VL signal through 



[0037] 



The conventional structures shown in Figures 1 and 2 both require the use of 



[0038] 



In Figure 1 , the amplitude of the signal is controlled by the digital switch settings 



[0039] 
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resistors 421 to the signal line 1 20, 121. 



[0040] The resistor-switch segments in Figure 3 require only one switch and one resistor. 

But, the switch must be able to switch the resistor between the two supply rails (single 
pole double throw (spdt) function), and the switch must be able to sink and source 
current. The parasitic capacitance on the switching node is rapidly charged or 
discharged through the low impedance of the switch. To the contrary, the resistor- 
switch segments in Figure 4 require two switches and two resistors. However, the 
switch is only required to switch the resistor between one supply rail and an open 
circuit (single pole single throw (spst) function), and the switch is only required to sink 
or source current, not both. As a result, the switch design in the embodiment shown 
in Figure 4 can be simpler than that shown in Figure 3. 

[0041] With the embodiments shown in Figure 3 and 4, since there is one resistor 

associated with each switch, the values of each resistor can be tailored to match the 
resistance of the respective switch, so that the sum of the resistance of the switch and 
the resistor combine to achieve the desired value. The parasitic capacitance of the 
switching node must be charged or discharged through the resistor when the switch is 
in-the open state. This results in lower current peaks than with the circuits shown in 
Figure 1 . 

[0042] The resistor-switch segments shown in Figures 5-7 are similar to the resistor- 
switch segments 301-304 shown in Figure 3 and the resistor-switch segments shown 
in Figures 8-10 are similar to the resistor-switch segments 401-404 shown Figure 4. 
More specifically, transistors 501 , 502 connect either the VH signal or the VL signal to 
an output through a resistor 501 . Preferably, the transistors 501 , 502 are of a 
different type so that a single signal Sx can be utilized to simultaneously deactivate 
one transistor while the other transistor is activated. For example, transistor 501 is 
shown as a P-type transistor and transistor 502 is shown as a N-type transistor. 

[0043] j ne resistor-switch segments shown in Figure 6 are similar to that shown in 

Figure 5 except that the ones in Figure 6 include additional resistors 605, 606. These 
resistors 605, 606 are selected to balance the resistance of each leg in the segment. 
For example, the P-type transistor 501 has a different resistance than the N-type 
transistor 502 and the resistors 605, 606 are sized to accommodate for this 
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difference. 

[0044] The resistor switch segment shown in Figure 7 is similar to the previous switch 
segments and includes buffers 701 , 702 and a balancing resistor 705. Having 
separate buffers 701 and 702 allows the gate drive signals for 501 and 502 to be 
optimized so that the signal to turn on one of the transistors is delayed until the other 
transistor is turned off, thus minimizing shoot-through current spikes that occur 
when both transistors are simultaneously turned on. The use of resistor 705 is used to 
balance the switch resistance similarly to resistors 605 and 606. 

[0045] The resistor-switch segment shown in Figure 8 is similar to the structure shown in 
Figure 6; however, in Figure 8, the resistor 503 is omitted and the balancing resistors 
805, 806 provide the majority of resistance of the device. The resistor switch 
segments shown in Figure 9 are similar to that shown in Figure 8 but omit the 
resistors 805, 806, relying primarily upon the transistors 501 , 502 to provide a 
resistance. The resistor switch segment shown in Figure 10 is similar to that shown in 
Figure 8; however it includes the drivers 701 , 702 that are discussed above with 
respect to Figure 7. 

[0046] In Figures 5-10, the resistance of the switching transistors is included in total 
resistance value of the resistor-switch segment, and the values of the resistor and 
switch resistance can be optimized for maximum performance. In the limiting case 
(See Fig. 9, RxB), the switch can provide the total resistance. A switch driver can be 
included (See Fig. 1 0, RxC and Fig. 7 RxE) that provides adjustable drive levels to the 
transistor gates to provide better control of the on resistance of the transistor 
switches over process and temperature variations. 

[0047] Thus, as shown above the invention overcomes the conventional problems and 
provides a driver that matches the necessary impedance with minimum power 
dissipation and maximum signal amplitude by utilizing a number of resistors in 
parallel. 

[0048] While the invention has been described in terms of preferred embodiments, those 
skilled in the art will recognize that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 
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